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Acrvlic Polvmer Composition 



The present invention relates to an abrasion resistant polymer composition and a process 
for its preparation. 

Acrylic sheet materials are widely used for building and glazing applications and to form 
5 various shaped articles such as baths, sinks, vanity units and shower trays. The abrasion 
resistance of the acrylic sheet used in such applications is normally required to be as high 
as possible. One method that is currently used to improve the abrasion resistance of 
acrylic surfaces involves the application of an abrasion resistant coating to the surface of 
an acrylic sheet. The coating is typically applied in solution to the acrylic sheet and is then 
,qj 0 cured, for example by radiation (UV), solvent evaporation or by thermal curing. For 
r example, EP-A-571808 discloses antifogging fiim f plates and articles comprising an 

acrylic polymer support and a polymerised and UV reticulated abrasion resistant coating 
tfi containing acrylic monomers and hydrophilic metal oxide(s). Examples of components 
1 U within the coating that are thought to provide the abrasion resistant property are titanium, 
Cf 5 silica, aluminium compounds. Although abrasion-resistant coatings can enhance the 
J performance of acrylic surfaces against abrasion, their use on acrylic sheet which is to be 
^ shaped, e.g. by thermoforming, may be limited by the relatively inelastic nature of the 
uJ coating, which may cause cracking of the coating as the surface is deformed. 

Conventional coating technology requires a two step process: polymerising the sheet 
20 followed by coating and curing the abrasion resistant formulation. In practice, this often 
requires a clean room environment to ensure no dust particles become incorporated into 
the surface layer. There is therefore a significant manufacturing advantage to be gained 
for an abrasion resistant product which may be delivered in a one-step process. 

Curable acrylic compositions containing a high proportion of a mineral filler, such as silica 
25 or alumina particles, are well known. These compositions are typically used to form 
articles such as kitchen sinks or worktops by mixing with a suitable thermal initiator and 
then pumping them into a heated mould whereupon they are cured to form a solid and 
inflexible opaque moulded article. These articles generally have a relatively high 
resistance to abrasion compared to unfilled acrylic sheets of the type which are suitable 
30 for thermoforming. The addition of similar fillers at much lower levels to acrylic sheet 
materials may give some abrasion resistance properties but the polymer formed is hazy 
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and hence has poor optical properties. 

It is therefore an object of the invention to provide an acrylic article which has better 
resistance to abrasion than unfilled acrylic materials but which has acceptable optical 
properties for some typical sheet applications. 

5 Accordingly, in a first aspect, the present invention provides an acrylic composition 
comprising at least 70% w/w of the residues of at least one polymerisable acrylic 
monomer, 0.2 - 5% w/w of a finely divided compound comprising at least one oxide 
selected from silicon, titanium, zirconium and aluminium oxides, and 0.2 - 25% w/w of at 
q least one linking compound which is miscible with said polymerisable acrylic monomer 
iS 10 and which is capable of bonding to the surface of the oxide compound. 

2 In a second aspect the present invention provides a polymerisable composition 
jjP comprising at least 70% w/w of at least one polymerisable acrylic monomer, 0.2 - 5% w/w 
of a finely divided compound comprising at least one oxide selected from silicon, titanium, 
g zirconium arid aluminium oxides, and 0.2 - 25% w/w of at least one linking compound 
ru 15 which is miscible with said polymerisable acrylic compound and which is capable of 
j u bonding to the surface of the oxide compound. 

in a third aspect the present invention provides a process for forming an acrylic 
composition comprising the steps of: 

(a) mixing together. 

20 0) 70 - 99.5 % w/w of a polymerisable acrylic monomer or a solution of a polymer in 

a polymerisable acrylic monomer with 
(ii) 0,5 - 30% w/w of a dispersion comprising 20 - 50% w/w of a finely divided 

compound selected from the oxides of silicon, titanium, zirconium or 

aluminium and 50 - 80% of a linking compound least one linking compound 
25 which is miscible with said polymerisable acrylic compound and which is capable 

of bonding to the surface of the oxide compound; 

(b) adding to said mixture a quantity of one or more initiator(s) which is sufficient to 

initiate polymerisation of the acrylic monomer under the conditions used; and 

(c) causing the acrylic monomer to polymerise. 
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Although dispersions of colloidal silica particles forexampie, in e.g. hydroxyethyi 
methacrylate are known for use in coating compositions used to provide abrasion 
resistant coatings on acrylic surfaces, it has been surprisingly found that the addition of 
such a composition containing an abrasion resistant component to the monomer(s) used 
5 to make the acrylic polymer before polymerisation results in a polymer with good optical 
propert.es and also improved abrasion resistant properties compared to the unmodified 
polymer. 

^epolymerisable acrylic monomers are alkyl (alk)acrylic acids and esters thereof 
including functional monomers such as hydroxy, halogen or amine functionalised 
acrylate^r methacrylate monomers. Preferably the monomer(s) comprise one or more 
alkyl acrylW alkyl methacrylates or acrylic or methacrylic acid, e.g. methyl, ethyl 
hydroxyethylW 2-ethylhexyl, cyclohexyl or phenyl esters of acrylic acid or methacrylic 
aad. One prefen^ed acnylic material com prises a homopolymer or copolym er ofmgthyt 
^^^c^^^^^ of methyl methacrylate residues and 0 - 20% of an 
alkyl acrylate or metha\ate selected from those materials listed above. 

The at least one linking compound is misclble with the aaylic monomer(s) and preferably 
contains at least one functional group such as an acrylate or methacrylate group which 
may be copolymerisable with the acrylic monomers. When more than one functional 
acrylate or methacrylate group is present, the linking compound may be capable of 
providing a cross-linking site in the acrylic polymer. The linking compound is also capable 
of bonding to the surface of the oxide compound and this is conveniently achieved by the 
use of compounds containing polar groups, e.g. having hydroxyl functionality. Preferred 
compounds are hydroxyl or other polar group-containing acrylate or methacrylate 
compounds although other compounds may also be suitable. Suitable compounds 
•nclude hydroxyethyi methacrylate (HEMA). hexanediol diacrylate. tripropylglycol 
methacrylate, ethylene glycol monopropylether. 3-aminopropyl trimethoxysilane and 
ethanolamine or .mixtures thereof. Some compounds may perform the function of the 
Unking compound adequately whilst having certain disadvantages in certain applications, 
e.g. the use of coloured compounds of ^cpmpounds which develop a colour under the 
conditions of manufacture of the composition or any article made therefrom may be 
unsuitable when a clear product is required. 
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pelletising a bulk polymerised product Method* nf * • 

Methods of forming acrylic polymers bv 

The present invention is iiiustrated by reference to thefoliowing examp les . 

. . uispersion of 30% by weight colloidal <;iii«a «f » 

particle size 13-30 nm in HEMA raw,. . L "jimma. silica of a 

" HEMA (2 - 5% b y w e'Sht), with the balance of the comoosition 
being made up of a standard pmm a «. composition 
P or a standard PMMA syrup comprising a solution of PMMA in 

r =r=rr~zr.r; — 

- ,rnmersed 'nawaterbathat45°Cfor5nh«..^ na 

ffi hoors a, 60 °C fo»owed by 2 ^ ™^7« ! ^ ^ * 2 

1 ^.or.eese^ree^r^r^^ 3 "' 1 ^^^ 
i3 50 mm square samples of the cast PMMA were ahraWa^ k 

- TOte «n 9 33 m m a iarne,erc i rc Ul arabrJer a "*™> <°<heir surface a 
resin fibres CROLOC K » T PnS ' n9 a,UmWUm °"" ""*«■ 

01 925-76. The results are shown in the table. 
Examnte ? 

25 A- PMMA sheet was made as desc*ed in exempts , uslng ^ „ 5% w 
H,ah„nK ,n the fon.utatio, Te* 9 was carded ou, as before a, a ioadin^l 



3le_3 (Comnai^jy^ rreDar ., rion , 



A 3 mm thick sampie of cast PMMA sheet was coated w», a miaure o, HIGHLINK OG 
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100-30 and 0.2% w/w/ of AIBN initiator at various wet thicknesses of 100. 50, 24 and 12 
microns and cured. The resulting coatings were poorly adhered to the substrate and 
showed evidence of cracking and for this reason they were not tested. In order to 
improve the coating properties, a coating was formulated from a trifunctional aliphatic 
5 polyester urethane acrylate oligomer (Craynor™ 929 from Cray Valley) diluted to 50% 
w/w in hexanediol diacrylate with the HIGHLINK composition at a ratio of 1 :1 by weight. A 
photoinitiator (Darocur™ 1 173) was added at 2% w/w prior to coating. The coating was 
applied at a wet thickness of 4 microns and cured under UV light in a commercial UV 
coating apparatus. The coated samples were then tested as described in example 1. 
10 The results show that the abrasion resistance performance was comparable to that of 
^ Examples 1 & 2. 

£ Example 4 fcnmparatiyq) 

F 50 mm square samples of standard cast PMMA coated at 4 microns wet thickness with 

jl UVECRYL™ 29203 (UCB Resins), a UV curable aliphatic urethane acrylate abrasion 

u 1 5 resistant coating, were prepared and abraded on the coated surface. The optical 

□ properties were measured as described in Example 1 . The results show that the PMMA 

J of the present invention is at least comparable in abrasion resistance performance to 

u PMMA coated with "UVECRYL 29203". 



Example 5 feompgr^tiY?) 
20 50 mm square samples of unmodified cast PMMA, i.e. PMMA syrup polymerised without 
the presence of the oxide compound, were abraded and the optical properties measured 
as described in Example 1. The results show that the abrasion resistance of the samples 
of the invention are superior to that of the unmodified PMMA, in that the light transmission 
remains greater and the haze less than that of the unmodified PMMA at all loading levels. 

25 Example 6 (comparative 

A PMMA sample was cast from a similar PMMA in MMA syrup which had been mixed with 
cristobalite silica (mean particle size 6 nm) dispersed as a slurry in MMA. i.e. so that the 
linking compound of the invention was not present. The amount of slurry used gave a 
total concentration of 0.75 %w/w of silica in the total acrylic mixture. The mixture was 

30 initiated and polymerised as before. The resulting sample of acrylic polymer was abraded 
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and tested as descrtoed in Exa mpte The re sulte ^ow that this matena, had a much 

TZT* va,ue man *" **" and mat ,he li9ht ,ransmission and ha2s *»— - «* 



Loading (N) 
Ex1 



Ex 2 
Ex 3 (comp) 
Ex 4-(comp) 
Ex 5 (comp) 



Light Transmission 



_0 
90.4 



Ex 6 (comp) 



92.3 
92.1 
92.1 
92.4 



87.0 



1 

88.8 



90.0 
88.9 
86.7 



10 
87.3 



89.1 
85.9 
80.9 



85.3 



20 
85.9 



83.5 
84.2 
84.5 
82.5 



81.1 



Haze 



_0_ 
~6 
0.7 
0.4 
0.1 
0.2 



15.7 



1 

9> 



6.0 
8.5 
19.9 



10 
13.5 



13.0 
10.0 
34.9 



21.9 



20 
16.6 



24.5 
22.7 
27.0 
31.6 



36.9 



Example 7 Thgm^forrn inn nf ^r PRlT 

PMMA sheet of Examp.es 1 . 3 and 5, was <thermo)formed by placing a mou.d and sheet 
assembly ,n an electric oven preheated at 180 °C for 30 minutes. A two-stage rotary 

vacuum pump was attached to the mould and maximum vacuum applied When 
mermoforming had been completed the assembiy was cooled under vacuum until the 
PMMA surface temperature had dropped to 80 <>C or below. The moulded article was 
then removed from the mould. The resulting mouldings from Examples 1 and 5 were 
sabsfactory in appearance whilst that of Example 3 was shown not to have been fully 
drawn and cracks were visible on the drawn surface. 



SUBSTITUTE SHEET (RULE 26) 



